Abstract. Bottom ash is a solid residue produced through combustion process in a coal-fired power plant. It has been catogarized as a waste and usually disposed in the utility disposed site. With higher demand on the power energy, more coal-power plant are constructed and abundance of bottom ash are produced. Recently, the utilization of bottom ash in the construction industry has gained the interest of researches. Since it has similiar particle size distribution as normal sand, many attempt has been made in studying it potential use in mortar and concrete. In complementary to that, this paper presents the effect of bottom ash on fresh and hardened properties of self-compacting concrete (SCC). Bottom ash is used as fine aggregate replacing sand with replacement ratio range from 0% to 30% by volume. The effects of bottom ash on the SCC were investigated by comparing the test result of SCC mixed bottom ash with control specimens (0% of bottom ash). The test result on fresh properties of the concrete mixture revealed that, as the replacement level of bottom ash increased, the slump flow, L-box passing ratio and segregation resistance ratio (SR) decreased. Nevertheless, the slump flow time (T 500 ) result increased with the increased of bottom ash content. The results show that the porosity and the irregular shape of the bottom ash particle has great influence on workability and viscosity of the fresh concete. The compressive strength and water absorption test are carried out on the sample at curing time of 7 and 28days. In terms of strength, the use of bottom ash in the production of SCC has increased the compressive strength of the concrete up to 15% replacement level. The increase in strength show the presence of the pozzolanic reactivity in a concrete with bottom ash particle. The water absorption rate was observed to be lower with a sample which having 10% and 15% replacement level.
Introduction
Self-compacting concrete or commonly abbreviated as SCC is a newly invented high performance concrete, which having high deformability with the tendency to consolidate fully under its own self-weight without the aids of internal or external vibration. As the advantages of the SCC have intrigued many, an extensive study has been conducted in evaluating its fresh and hardened properties. For example Domone [1] had analyses 11 years of case study relating SCC include detailed information on the selection of component materials, the mixture proportion and the resulting concrete properties. From the analysis, it can be summarize that (i) the maximum size of aggregate commonly used in the production of SCC is 16 to 20mm (ii) the average SCC slump flow in the range of 600-750 mm (iii) a viscosity-modifying agent is used in addition to superplasticizer in improving the workability of the SCC (iv) the median value for coarse aggregate content is 31.2% by volume and 47.5% by volume for fine aggregate.
There are numbers of potentially waste by-products were used to produce SCC including fly ash, silica fume, granulated blast furnace slag, untreated rice husk and many more [2] [3] [4] [5] .These waste byproduct is used as part of the concrete constituent either as a filler or replacement to fine aggregate. However, very few studies have focused on the use of bottom ash in the production of SCC [6] [7] . Bottom ash is by-product generated through coal-fired power plant. Compare to fly ash, bottom ash less prevalent in concrete technology. Its physical and chemical properties depend on the source of coal and the burning condition of the power plant. This study aims in investigating the potential use of bottom ash collected from one of coal-fired power plant in Malaysia in the production of SCC. The study focused on fresh properties, the strength behavior and the water absorption rate of the concrete incorporating bottom ash.
Experimental details

Materials
In present study, blended cements conforming to MS EN 197-1:2007 [8] was used. Natural sand and bottom ash are used as fine aggregate. The maximum and minimum size of coarse aggregate used in this study is 16mm and 10mm respectively. Both sand and coarse aggregate has a specific gravity of 2.61 and 2.67 respectively, while the polymer-based superplasticiser (SP) has a specific gravity of 1.09 with pH 5.29. The superplasticiser was used to improve the workability of the fresh concrete Bottom ash used was collected from one of coal-fired power plant in Malaysia. Bottom ash with particle size larger than 5mm is removed. Fig. 1 shows the particle size distribution of bottom ash and natural sand. The substitution of sand with bottom ash results in aggregate with a particle size distribution composed of variable dimensions. Almost 50% of bottom ash particle have dimension less than 250 µm, which makes a greater amount of fine element available in the concrete. The chemical and physical characteristic of the cement and bottom ash are shown in Table 1 . In the chemical analysis of bottom ash using X-ray Fluorescence (XRF), it was observed that approximately 87% of the material composed of silica and alumina, with a loss-on-ignition of 2.68%. The moisture content of bottom ash is 40%. Therefore, bottom ash particle was dried for 24 hours before sieved and used in the concrete mixture.
Mix proportions
Six mixture proportion of fine aggregate replaced with bottom ash ranged from 10% to 30% were made. The mix proportion is presented in Table 2 . Each proportion was name based on the replacement level of the bottom ash, with 0% replacement acts as control specimens i.e BA0 without bottom ash. Due to significant difference between specific gravity of natural sand and bottom ash, volumetric replacement was preferred. The coarse aggregate used was maintained at 28% by volume of concrete, while fine aggregate content was maintained at 45% by volume of mortar with air-content being assumed to be 2%. The water to powder ratio was maintained at 0.4. 
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However, the amount of the superplastizer was adjusted until the concrete achieve self-compactibility. The mix design tool for selfcompacting concrete was referred to the method used by Jawahar et al. [9] . The tool is developed based on key proportions of the constituent. Therefore, the tools will displays all necessary data for SCC mix design and the constituent materials for the required volume.
Testing of the specimens
Properties of fresh concrete, strength and water absorption
In determining the fresh properties of the self-compacting concrete, the slump flow, slump flow time (T 500 ), Lbox blocking ratio and segregation resistance ratio test were performed. These tests are important in order to ensure that the fresh state of concrete have the following properties; (1) passing ability, (2) filling ability and (3) segregation resistance.
The procedure, conducting the test as described in British Standard [10] [11] [12] . For each mixture, the compressive strength and water absorption of the concrete were determined at 7 and 28 days of water curing. The cube size of 100 mm is cast for the determination of compressive strength and water absorption. The specimens were removed from the mould after 24 hour and cured in the water tank till testing date.
Results and Discussion
Properties of fresh Concrete
The fresh properties of the concrete are as presented in the Table 3 . It show that, from the slump flow test, for all mixes having a flow in the range of 550-715mm which conform to the range as suggested by EGSCC (2005) [13] . EGSCC (2005) suggested that the slump flow value should ranging from 550 to 850 mm. It can be seen that the slump flow of SCC mixed with 10% and 15% of bottom ash was slightly lower than that of control mixture. Nonetheless, the slump flow decrease significantly when the percentage of replacement with bottom ash increases more than 15%. The reduction in the flow demonstrates that the presence of bottom ash influence the workability of the fresh properties of the concrete. As reported by Kim et al [14] , both water and cement paste for lubrication between aggregates was drawn into the bottom ash particles hence decreasing its workability. In addition to slump flow time (T 500 ) test, all the flow reached a 500 mm diameter less than 5s for all the mixes. The figure shows that the T 500 value increased with the increase of bottom ash in the mixture. The larger T 500 was considered to be due to the aggregate-to-aggregate friction, highly from the irregular shape and rough texture of the bottom ash [15] . For L-box test, the passing ability ratio for all mixtures was ranging from 0.6 to 0.90. Apparently, the value of passing ability of SCC decreased with the increased of bottom ash content. It is considered to be due to the aggregate bridging at the area between clear space and the steel bar, resulting from the inter particle reaction between aggregates. In evaluating the homogeneity of the sample, sieve segregation test was used in assessing the resistance of self-compacting concrete to segregation. The segregation ratio of the SCC was evaluated by calculating the proportion of samples and the material passing through the sieve having 5 mm square aperture [12] . As observed, the value of the segregation ratio decreased with the increased of bottom ash replacement level. It indicated excessive resistance of the segregation due to the water absorbed during the mixing.
Compressive Strength
The strength development of concrete with bottom ash is as present in the Fig. 2 . It shows that the compressive strength of the specimens increased with the increase of the bottom ash replacement level. At the age of 7 days, the bottom ash hardened concrete gained its strength about 5% and 20% higher than control specimen for replacement level of 10% and 15% respectively. This may due to the pore refinery effect by pozzolanic reaction of bottom ash. Despite of the increase in porosity due to the replacement of bottom ash, the silica content in bottom ash particles enhance the formation of C-S-H, a gel responsible for strength development [16] . The compressive strength of the bottom ash concrete starts to decrease when the replacement level increased to 20%. At the age of 7 days, the specimens BA20 reduced about 7.5% of its strength of the control specimens followed with BA25 and BA30 with 28.7% and 43.2% respectively. The increased in the replacement level of bottom ash had produced more porous concrete with more pores distributed around the bottom ash aggregate surface [17] . At this level of replacement, the pore refinery effect by pozzalanic reaction is not dominant when compared to the increase of porosity in concrete [6] . The strength of concrete at 28 days of curing day exhibits the same strength behavior as 7 days of 
Water Absorption
The water absorption test results for concrete with bottom ash are as shown in the Fig. 3 . From the results, it is observed that at 10% and 15% of replacement level, the water absorption rate of the concrete is lower compared to control specimens. The decreased of the rate of water absorption of the concrete compared to control specimens was probably due to the pore refinement of bottom ash. Moreover, fine particles of bottom ash acted as filler for pores in the concrete. It reduced the total pore and capillary pore of the concrete, thus resulting in more dense structure [18] . The water absorption rate starts to increase at 20% of replacement level. The increased in the water absorption rate was due to the porous structure of the concrete provided by higher volume of bottom ash presents in the concrete. Accordingly, water was easily diffused through the porous structure.
Correlation of pore refinement in water absorption and strength
In order for materials to exhibit pozzolanic properties, silica must be present as amorphous glassy SiO 2 , the amorphous silicates then reacted with Ca(OH) 2 to form C-S-H and C-A-H [19] [20] . The size and shape of the particles, distribution of particles and particle orientation is also suggested to influence the mechanical behavior of C-S-H paste [21] . Bottom ash is believed to have good pozzolanic properties if it has high fineness [22] . In the present study, it is apparent that bottom ash used for this study is a good pozzolanic material. It have high amount of Si, Al content and amorphous nature present in bottom ash particle. Therefore, this explained the improvement of strength in bottom ash concrete. The addition of bottom ash as supplementary to fine aggregate causes an increase on both pozzolanic and physical properties of the concrete. The phenomenon where a complete reaction between cementitious form a stable calcium silicate and aluminate hydrates, which fills voids within concrete is known as "capillary pore refinement" [21] . The pore refinement effect of the bottom ash is observed from water absorption and compressive strength of BA10 and BA15 as presents in the Fig 2 and Fig 3. It shows that, the water absorption rate for both samples is lower when compared to control specimens. However, the compressive strength of both samples is higher compared to that control specimens. The correlation of water absorption rate and the compressive strength of the concrete corroborates that bottom ash had produced C-S-H gel, which facilitates in pore refinement of the concrete, hence promoting the strength of the concrete. However, when the replacement level of the bottom ash increased up to 20%-30%, both strength and water absorption decreased and increased respectively. This occurred as the pore refinery effect by pozzalanic reaction is not dominant when compared to the increase of porosity in concrete due to the increase of bottom ash in the concrete. 
Conclusion
The results obtained from the experimental program had shown that bottom ash is suitableto be used as fine aggregate replacing sand in the production of SCC. However, the amount of the bottom ash used should be taken into account since excessive amount of bottom ash will affect the rheology of the fresh concrete and the properties of hardened concrete. In evaluating the fresh properties of the SCC with bottom ash, experimental results revealed that the slump flow and the L-box passing ability ratio decreased with the increased of the bottom ash. Nevertheless, the T 500 and segregation ratio decreased with the increased of the bottom ash replacement level. Such event occur due to the inter-particle friction between aggregates in the cement paste which reducing the workability of the concrete as the percentage of replacement increased. In terms of segregation, the concrete paste become less viscous and stiffer as the amount of bottom ash used in the concrete increased. The hardened concrete properties of SCC show remarkable results on the compressive strength of the concrete. The samples with 10% and 15% of bottom ash have higher compressive strength compared to control specimens. This is due to the pore refinement and pozzolanic reaction of bottom ash in the concrete matrix. However, the decrease in strength for sample BA20, BA25 and BA30 is results from the porous structure of the concrete due to the higher amount of bottom ash. In addition to water absorption test, the water absorption rate for 10% and 15% is lower compared to control specimens which explained that the capillary pore refinement phenomenon occurred and develop the strength of the concrete.
